Xi1)2), Baozhong Lu2), Kiyoaki Ozaki3) and Masa-aki Hattori1)
The Crested Ibis (Nipponia nippon) used to be widely distributed in Japan and from the Russian South Far East and the Korea peninsula, to central China. However, its population declined dramatically since the early part of 20th century (Yamashina & Nakanishi 1983) . Now the Crested Ibis has been listed in the IUCN Red Data Book as a critically endangered species.
In China, the Crested Ibis was thought to have become extinct, until seven birds were rediscovered in 1981 (Liu 1981) . After its rediscovery, various projects for the conservation of the species in the wild and for captive breeding were begun with the goal of managing the population.
In the wild, both parents take care of their offspring, with high attentiveness each playing their part to incubate the eggs and to rear the chicks to independence (Shi et al. 1991) . The occasional cases where parents may have abandoned the broods with eggs or chicks are those where the evidence of predation has been observed (Xi et al. 1995 . Prevention of predation has been mainly focused on the management of the wild population of the predators. At this time, in order to approach a reintroduction program for the recovery of this species, three captive populations have been established, by using a few numbers of wild-caught Crested Ibis as the founder stocks ). Already a current number of 260 individuals have been achieved in captivity including 195 birds held in the Yangxian Crested Ibis breeding center, approximately 30 birds in Beijing Zoo and 25 birds in Sado Crested Ibis conservation center of Japan. However, all captive bred birds obtained up to date were generated by artificial incubation and hand rearing but a small number of parent reared birds appeared in the present experiment. The egg removal for artificial incubation and hand rearing has been being the only feasible way to complete the reproductive procedures as the parental birds that killed the chicks during hatching naturally are those within all three breeding facilities mentioned above. A number of attempts to settle this problem have been tried over the last seven years. Since many behaviors in birds are acquired from the parents, or by experience in the wild, artificial rearing by hand could affect the survival potential of released animals. In this paper, we attempted to clarify the reason attributable from environmental condition. We describe the cases of offspring desertion in Crested Ibis and discuss the factors influencing the parental care decision through the experimental study conducted in Shannxi Crested Ibis Breeding Center.
Methods

Environmental condition within the intensive cages
The former cages used to keep the Crested Ibis were designed as intensive cages with 60m2 in the Shaanxi Crested Ibis breeding center. The breeding cages, split into three areas, consisted of 3-10 cages that were combined one by one for the convenience of management.
The enclosure was built with iron reticular plate and assisted with the nylon net inside the cage in order to prevent the birds crashing. Every cage was linked to a roofed section as shelter. Wood branches were set in place for roosting, with some natural grasses planted on the ground. A water pond was made for bathing. The circumstances outside the cage looked open. Video monitory systems were set up above the nesting site in order to observe and record the egg laying, incubation and nestling rearing.
Environmental condition within the semi-natural cages The semi-natural cage was established in the woods which incorporated pine, oak and cypress trees, along the slope of the hill in the breeding center that is relatively quiet place compared to the intensive cages. The area was about 80m2 for each pair. Green nylon nets were used instead of the iron reticular plate as a surround to the cage (Fig. 1) . The plants were kept naturally in the cage including few of pine, cypress and small beech trees. The ground cover was natural grasses similar to the breeding site in the wild. A water pond was also provided. The video monitory systems were set up for observation as described above. 
Feeding and diets
The feeding times and the diets provided to the breeding birds were the same either in the former cages and the semi-natural cages. The clean water was changed twice a day. The artificial food with 80g a day and the natural food, namely loach (about 250g a day for each bird), was provided around 9:00 and 14:00 daily ). In the breeding season an increased amount of food was given for the breeding birds, with the particular inclusion of about 200g of mealworms were supplemented every day one week before the assumed hatching date in preparation to rear the chicks.
The breeding birds 1) Five breeding pairs were used as experimental birds to test their parental care in the former breeding cages, including two pairs of wild-caught birds. These were tested with four breeding attempts over three years, and two pairs of F1 breeding birds and one pair of F2 breeding birds were examined with six breeding attempts over three years.
2) Likewise five breeding pairs were used to examine their reproductive performance in the semi-natural breeding cages. These comprised of two pairs of F1 breeding birds that have been previously tested in the intensive cages, and three new pairs of F2 breeding birds. These were examined with 11 breeding attempts over three years.
Monitory
The breeding activities, such as the copulation times, the times of picking the materials from the ground for the nest, egg laying and setting up of incubation, and the attendance time of male and female for incubation, were observed with video monitoring during daytime. The laying date, the number of eggs, and the unusual activities such as the events that happened during hatching were also recorded. These events were referred to as a guideline for breeding management such as to judge the correct time for egg removal.
Results
Behaviors of parents within the intensive cages Three pairs of wild originated young were maintained in the intensive cages separately and began to breed in 1995. Firstly, one pair named Wild-A (Table 1) , of which female aged five years old was originated from the wild nestling and male aged two years old originated from the wild eggs, performed to investment most of time in the man-made nest and started to copulate as early as the middle of February. Just before laying, the male started to pick the nesting materials from the ground and the female responded to arrange it in the nest. The point when the nest making is seen as satisfactory, is indicated by sitting and standing up many times, with refined replacement of the small branches and the dried grasses. The incubation was initiated from one day before egg laying and lasted for about 27 days by turns. Four eggs were laid in their first clutch and until the sound of the first chick piping, their reproductive activities showed no difference from the wild birds. However, thereafter the male and female's behavior altered as both of them attended in the nest and attempted to "help" the chicks hatching by quickly peeling the eggshell with their bills, following this they immediately threw away the chicks, sometimes that were still being inside the shell. Subsequently, another breeding pair showed the same abnormal behavior and they kept the dead chick in the nest for a few hours and finally discarded it out of the nest.
Alternatively, the remained eggs that were removed gained high hatchability and survivability by artificial incubation and hand rearing. In the closed cage, the pair Wild-B (Table 1) showed the similar behavior for incubating their eggs in the same breeding season in 1995. Until the later incubation, only two of four eggs left in the nest and one hatched, at the point of hatching, the first chick was found to be survival however, five hour later, the chick was already dead and on the ground of the cage, just under the nest. The second egg was then removed for artificial incubation.
In the next breeding season, one pair kept in the same intensive cage seemed to perform a different breeding activity with making a nest in the tree instead of using man-made nest. They have been expected to provide parental care for the chicks. Unfortunately, the results did not show any increase in chick survivability when the eggs were left for incubating naturally.
Between 1998 and 2000, four breeding pairs of F1 and F2 generations developed from artificial incubation and hand rearing, which were also the offspring of above breeding birds, were tested on their parental behavior in the intensive cages. Again no parental care was provided to the chicks by the parental birds from the young generations, although they incubated the eggs well after laying (Table 1) .
Interestingly, these parents that have killed the chicks would relay the replacement clutches after they failed in the first clutch, even followed by a third clutch after failing the second clutch, although no parental care would be taken for the chicks.
Behaviors of parents within the semi-natural cages
By 2000, one breeding pair of F2 generation originated from the above tested parents was maintained in a newly established semi-natural cage. This pair performed two breeding attempts within one breeding season. In the first clutch, they laid three eggs that were all damaged before hatching and then the second clutch were re-laid with two eggs, in which one was kept to be intact and hatched. The parents successfully raised the chick until its independence (Fig. 2) . This is the first pair providing normal parental care to a chick in captivity.
In order to confirm the factor of the semi-natural cage that we provided to the parental birds as that which comprised an optimal condition for the alteration of their offspring desertion, we examined the other five pairs (Table 1) , of which one pair of F1 had already been observed to kill their chick in 1998 and another pair of F1 in 1999 when were kept in the intensive cages where they showed the similar abnormal parental behaviors as the breeding pairs, Wild-A and Wild-B, together with the other three breeding pairs of F2 generation were kept in newly established cages. They all performed a normal parental care to both the eggs and chicks until the chicks' independences. This has succeeded in six clutches over three years. provided parental care to their eggs and chicks, and have successfully raised 13 chicks over three years. The nestling survivability of 100% in our experimental study was higher than that of 76% in the wild ). There was no difference with the hatching date that was around 27 days for the breeders both in the intensive cages and in the semi-natural cages.
Comparing the fecundity of the birds by different means, the breeding products obtained by egg-removal after laying, together with artificial incubation and hand rearing, succeeded in producing 2-3 clutches a year and 2-4 chicks per clutch ). This was sufficient higher than that by completely parental care, which produced one clutch per year and 1-2 chicks per clutch.
Discussion
The parental behavior changes may be regarded as a means of tracking the dynamics of the environmental conditions (Ghakanbor & Martin 2002) . When animals terminate parental care before the full independence of the young, they were said to 'desert' their offspring that is often viewed as aberrant behavior (Fujioka 1989 , Szekely 1996 , Webb et al. 2002 . However, many researches have considered the desertion of offspring as an adaptive decision, involving trade-offs between current and future reproduction , Webb et al. 2002 .
In response to a perceived risk of predation, individuals of many species exhibit adaptive changes in such behavior as brood desertion in order to reduce the probability that they will be predated or face the immediate risk of nest predation (Ghakanbor & Martin 2002) . The birds may desert the offspring in order to re-mate within the left time of a breeding season (Webb et al. 2002) . The birds may also make a decision to desert in order to avoid starvation when food is short supply and thus terminating care may increase the parent's chance of surviving (Clutton-Brock 1991) , or else they may desert to reserve the energy to prepare for the nonbreeding period and molting and further migration . Offspring desertion has often been found to occur in Crested Ibis. In the wild, brood desertions of the Crested Ibis, either eggs or chicks, have been proved in order to avoid most cases to be caused by predation (Xi et al. 1995) .
In the present study, the factor of altering the environmental condition apparently determined the changes in parental care from that of the parent birds killing the chicks to that of the parental birds providing intense post-hatching parental care. Based on these results, we propose the following hypothesis. An unsuitable captive environment can induce the Crested Ibises to terminate parental care by killing and discarding their chicks.
We offer two explanations for these alternative behaviors. The first, the environmental factors such as the natural plants inside the cage and the woods surrounded the cage might be a crucial condition for the breeding behavioral adaptation of the birds. The Crested Ibis could be judging the refined factors such as in the intensive cages that seemed to be suitable for initiating reproductive behavior with egg laying and incubation of the eggs but unsuitable for supporting the post-hatching in parental care. The semi-natural cage seemed to be in contrast suitable for the accomplishment of reproduction. The second explanation is that a quiet and independent circumstance around the breeding site may be also paramount for the birds to accomplish the reproductive procedures. In this case, the parental birds did not receive the disturbance from other pairs that have been met when they were kept in the intensive cages.
Supplying offspring with food is a simple extension of the behavior. The evolution of parental care creates a social structure which might stimulate evolution towards increased mental capabilities (the ability to learn from parents) and the large macroevolutionary events could begin with a small change in behavior, not requiring any morphological or physiological adaptations (Koteja 2000) . The Crested Ibis terminated the post-hatching parental care without harassment by the competition for food. It made possible for us to speculate previously the loss of abilities in captivity as one of the reasons for inducing the abnormal behavior.
In the intensive cages, it should be noted that the parents are not simply terminating parental care by simply giving up providing food and failing to protect the chicks but the behavior was such that the parents themselves directly killed the chicks. If they had simply stopped their care of the chicks, we would have rescued the chicks by removing them for artificial incubation when we found observed such a case by video monitoring. This phenomenon is completely reversed with other birds such as flycatcher, where the parents took greater risks for chicks in poorer condition (Listoen et al. 2000) . In the semi-natural cage, the breeding activities of the parents showed no difference to those of the wild birds, including nesting, incubation of the eggs, rearing the chicks and protecting the chicks. The parents will, for instance, spread their wings as a shelter in the case of rain or intense sunlight. Also the hatchability and survivability of the fledglings are good by the natural parental incubation although a considerable proportion of eggs were damaged by the birds flying in and out of the nest and only one clutch could be generated by one pair within one breeding season. The captive-bred birds might therefore not be thought of as devoid of a behavior for parental care and may well perform a normal reproductive behavior should they be released to the wild. The evidence also suggested that the various ecological factors might have influenced the parental behavior of wild Crested Ibis. The brood desertion of the Crested Ibis has been often observed in the wild since 1991 when the number of the birds including the breeding pairs began to gain increased protection . Nine cases of desertion were attributed to predation by snakes, and the other seven cases have been considered , as potentially due to unsuitable environments with the potential risk from human activities or else poor ecological quality for feeding.
We concluded that the environmental conditions might be a crucial factor for the behavioral adaptation and breeding success of this endangered species. It is presumptive that a hormonal regulation probably be responsible for the behavior alteration in such different environmental conditions, which was needed to confirm with a further study.
